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Introduction
Disease status at diagnosis is crucial to selection of methods for treatment of cervical cancer. In early-stage cervical cancer, especially International Federation of Gynaecology and Obstetrics (FIGO) stage I to IIA disease, surgery is a primary standard treatment, and radiotherapy (RT) or concurrent chemoradiation (CCR) using platinum is also recommended, whereas CCR is recommended as the optimal treatment for locally advanced cervical cancer (stage IB2 to IVA disease) [1] . On the other hand, systemic chemotherapy (SC) is known as the only treatment for recurrent or stage IVB cervical cancer showing dissemination of cancer cells to distant organs [2] . However, SC has a limited role in prolonging survival, and has a low response rate of 20-30% [3] . Thus, it is only recommended for patients with distant metastasis who are not candidates for loco-regional treatment using RT or exenterative surgery [4] .
To date, in relevant clinical trials, stage IVB and recurrent cervical cancers have been considered to be similar due to lack of enrolled patients with stage IVB cervical cancer (approximately 2.6%) [5] [6] [7] . In recurrent cervical cancer where the patient received prior chemotherapy, development of chemo-resistance may occur through several changes in drug transport, leading to reduced intracellular accumulation, and activated drug detoxification by elevated levels of intracellular scavengers, including glutathione and apoptotic cell death pathways [8] , and prior ionizing radiation can also be a cause of resistance to RT [9] ; therefore, it should be regarded as having different biologic characteristics when compared with stage IVB cervical cancer, suggesting that the combination of these two groups may not be appropriate in clinical trials. Nevertheless, due to the rarity, few studies for treatment of patients with stage IVB cervical cancer only have been reported [6, 10, 11] . Thus, the purpose of the current study was to evaluate the question of whether CCR is efficient for improving prognosis by comparing the efficacy and toxicity between CCR and SC in patients with stage IVB cervical cancer.
Materials and Methods

Patients
The material for the current study was derived from a database of 2,322 patients with cervical cancer in our institute between January 2000 and March 2010. Approval by the Institutional Review Board of Seoul National University Hospital was obtained in advance, and informed consent was waived because of a retrospective design using medical record review.
Stage IVB disease was defined as a primary cervical cancer with distant lymphatic spread beyond the abdomen. The distant spread of tumor was confirmed by imaging studies, such as computed tomography (CT), positron emission tomography (PET), or PET-CT, and fine needle aspiration biopsy on distant metastatic lesions. However, we excluded patients with recurrent cervical cancer, only para-aortic lymph node metastasis within the abdomen, and hematogenous metastasis. In addition, those with insufficient clinicopathologic data, including age, histology, disseminated pattern, number of distant metastatic sites, methods of primary treatment, chemotherapeutic regimen, and cycles of chemotherapy were not enrolled.
Treatment methods
For CCR, external-beam radiotherapy (EBRT) was delivered to the whole pelvis with 6 or 10 megavoltage photons through parallel-opposed (antero-posterior/postero-anterior) ports or the four-field box technique. The upper and lower borders of the EBRT ports were at the L5-S1 junction and at least 2 cm below the gross tumor of the cervix. The lateral edges were set to 1.5 cm lateral to the bony pelvis. The anterior and posterior borders were the anterior aspect of the symphysis pubis and the S2-S3 junction, respectively. The standard dose was 50.4 Gy, consisting of 1.8-2 Gy fractions once daily for five days per week.
Depending on the decision by radiation oncologists in our institute, additional radiation was applied to the parametrium, para-aortic lymph nodes, and supraclavicular lymph nodes. The radiation dose to the bilateral parametrium was boosted to 60.4 Gy with a 4-cm wide midline shielding, and the field of irradiation with 45-61.2 Gy to the para-aortic lymph nodes was extended with EBRT to the suspicious lesions over the T12-L1 junction. In addition, the radiation dose to supraclavicular lymph nodes was delivered to 61.2-70. 
Objectives
The primary objective was to compare tumor response and toxicity between CCR and SC. Tumor response was assessed using physical examination and imaging studies according to the response evaluation in solid tumors (RECIST) criteria four weeks after completion of primary treatment [12] . Complete response (CR) was defined as the disappearance of all lesions for at least four weeks, and partial response (PR) and progressive disease (PD) were defined as a reduction of more than 30% and an increase of more than 20% in the sum of the perpendicular diameters of lesions, respectively. The other disease status was defined as stable disease (SD). In addition, acute hematological and late RT-related toxicities were compared between the two treatments according to the Common Terminology Criteria for Adverse Events version 3.0 (CTCAE) [13] .
The secondary objective was to compare progression-free survival (PFS) and overall survival (OS) between CCR and SC. PFS was defined as the time elapsed from the date of diagnosis to the date of clinically-proven recurrence. OS was calculated as the length of time from the date of diagnosis to the date of cancer-related death or the end of the study. In addition, favorable prognostic factors for improvement of survival were evaluated in patients with stage IVB cervical cancer. Thereafter, we compared the rate and pattern of disease recurrence between the two treatments.
Statistical analysis
Statistical analysis was performed using SPSS ver. 19 .0 (SPSS Inc., Chicago, IL). Clinico-pathologic characteristics between patients who received CCR and those who received SC were compared using the Mann-Whitney U-test and χ 2 or Fisher's exact test. In addition, we performed survival analysis using the Kaplan-Meier method with the log-rank or Breslow test, and Cox's proportional hazard regression model using hazard ratio (HR) and 95% confidence interval (CI) for determination of favorable prognostic factors. A p＜0.05 was considered statistically significant.
Results
Patients' characteristics
Among a total of 2,322 patients with cervical cancer, 2,292 were excluded for the following reasons: stage I (n=1,489), stage II (n=682), stage III (n=67), stage IVA (n=37), insufficient data (n=17), and hematogenous metastasis (n=6). Thus, the remaining 24 patients (1%), including 14 patients (58.3%) treated with SC and 10 patients (41.7%) treated with CCR were enrolled. The clinico-pathologic data for all patients are shown in Table 1 . The median age was 50 years (range, 36 to 83 years), and the median duration of follow-up was 20.3 months (range, 1.8 to 83.8 months). Histologically, 21 patients (87.5%) were diagnosed with squamous cell carcinoma (SCCA), two (8.3%) had poorly differentiated carcinoma, and one (4.2%) had adenocarcinoma.
A summary of targeted areas for CCR is shown in Table 2 . Among the 10 patients who received EBRT to the whole pelvis, additional irradiation was applied to seven patients (70%) with para-aortic lymph node (LN), five patients (50%) with a primary cervical mass using brachytherapy, three Values are presented as number (%). SC, systemic chemotherapy; CCR, chemoradiation; CT, computed tomography; PET, positron emission tomography. patients (30%) with parametrium, and three patients (30%) with supraclavicular LN. In addition, chemotherapy using paclitaxel/carboplatin was administered more frequently in patients who received CCR than in those who received SC (70% vs. 28.6%, p=0.04).
Response and toxicity
Among 10 patients treated with CCR, six (60%) and two (20%) had CR and PR, whereas two (20%) had SD. Among 14 patients treated with SC, there were no patients with CR. Among them, only seven (50%) patients had PR, whereas two (14.3%) and five (35.7%) had SD and PD. Although no difference was observed in the overall response rate (80% vs. 50%, p=0.21), the CR rate was higher in patients treated with CCR (60% vs. 0%, p＜0.01).
Ten patients treated with CCR received 45 cycles while 14 patients treated with SC received 88 cycles of chemotherapy. When we compared acute hematological and late RT-related toxicities between the two treatments, grade 3 or 4 leukopenia was more common in patients treated with CCR (24.4% vs. 9.1%, p=0.03), whereas grade 3 or 4 neutropenia was more frequent in those treated with SC (28.4% vs. 11.1%, p=0.03). However, no differences in grade 3 or 4 anemia and thrombocytopenia were observed between the two treatments. In addition, one patient (10%) who underwent brachytherapy as well as previous EBRT developed grade 3 RT-related proctitis within one month after CCR (Table 3) . Finally, conservative treatment for two weeks resulted in resolution of proctitis.
Survival and disease recurrence
CCR, SCCA, and CR after the primary treatment showed an association with better PFS and OS than SC, non-SCCA, and non-CR after the primary treatment (Fig. 1) . However, there were no differences in PFS and OS based on the chemotherapeutic regimen and cycles of chemotherapy (data Table 4) .
Eighteen patients (75%) showed disease recurrence. Among them, six (60%) and 12 (50%) patients were treated with CCR and SC, suggesting no difference in the disease recurrence rate (p=0.72). In addition, no differences in the site and pattern of disease recurrence were observed between the two treatments ( Table 5) .
Discussion
In the current study, we attempted to determine whether CCR could improve clinical outcomes in patients with stage IVB cervical cancer when compared with SC, and the following three meaningful results were obtained. First, CCR increased CR after the primary treatment when compared with SC (60% vs. 0%). The reason is that RT contributes to the dramatic decrease of tumor burden, which cannot be controlled by SC if RT is applied to most targeted lesions. Results of the current study showed that grade 3 or 4 leukopenia was more common, and grade 3 RT-related toxicity was 10% in patients treated with CCR, therefore, we should be cautious in the increase of toxicity of SC by RT when we consider CCR for treatment of cervical cancer.
Second, CCR was efficient for improvement of PFS and OS (adjusted HRs, 0.12 and 0.15; 95% CIs, 0.03 to 0.61 and 0.02 to 0.90), suggesting the possibility that CCR may be superior to SC for patients with stage IVB cervical cancer who have distant lymphatic metastasis. Although the reason is not clear, previous studies have emphasized that because RT shows a better prognosis in patients with distant lymphatic metastasis, the area of RT should be extensive enough to include distant lymphatic spread of cancer cells in advanced or recurrent esophageal and cervical cancers [14, 15] . These findings support the potential feasibility of CCR for treatment of stage IVB cervical cancer with distant lymphatic metastasis [16] . In addition, because cervical cancer tends to spread primarily by direct extension to the adjacent organs and via lymphatics, tumor volume-directed RT could be applied with the appropriate radiation dose in patients with distant lymphatic spread [17] . However, due to the wide range of the radiation field and a limitation of the total dose for protecting the function of metastatic organs by increased toxicity in stage IVB cervical cancer [18] , which excluded patients with stage IVB cervical cancer who had hematogenous metastasis, patients with hematogenous metastasis are limited to RT. In the current study, although the preferred regimen differed between CCR (paclitaxel/carboplatin, 70%) and SC (5-fluorouracil/cisplatin, 57.2%), there was no difference in survival based on the chemotherapeutic regimen. In addition, previous studies have reported similar tumor response to paclitaxel/carboplatin and 5-fluorouracil/ cisplatin in patients with metastatic cervical cancer (45-47% vs. 47-48%) [19] .
Third, SCCA was a prognostic factor for better PFS in patients with stage IVB cervical cancer (adjusted HR, 0.17; 95% CI, 0.04 to 0.80). This finding is supported by findings of previous studies, where the efficacy of CCR was limited for treatment of non-SCCA of the cervix, suggesting that non-SCCA was a poor prognostic factor when compared Values are presented as number (%). FIGO, International Federation of Gynaecology and Obstetrics; SC, systemic chemotherapy; CCR, chemoradiation; LN, lymph node.
with SCCA [20] . Thus, CCR can be considered as more effective in patients with stage IVB SCCA of the cervix. However, the current study has some limitations, as follows: a retrospective review of medical records; a small number of enrolled patients; various doses and extents of RT; different chemotherapeutic regimens; the selection of treatment methods based on physician decision between SC and CCR, which may reduce statistical power to interpret these findings.
Conclusion
CCR may be more effective for improving survival than SC, which can be considered as a feasible method with some caution regarding late RT-related toxicity for treatment of stage IVB cervical cancer with distant lymphatic metastasis. Thus, findings of the current study suggest that conduct of prospective clinical trials for the efficacy of CCR for treatment of stage IVB cervical cancer with distant lymphatic metastasis may be worthwhile.
